Background: Welfare regimes in Europe modify individuals' socioeconomic trajectories over their life-course, and, ultimately, the link between socioeconomic circumstances (SECs) and health. This paper aimed to assess whether the associations between lifecourse SECs (early-life, young adult-life, middle-age and old-age) and risk of poor selfrated health (SRH) trajectories in old age are modified by welfare regimes (Scandinavian
Introduction
With an ageing European population signalling a demographic transition, research on ageing and the factors influencing how people age is becoming increasingly relevant. 1 The society in which people live and age has a crucial influence on how their health declines in old age. 2, 3 In this regard, welfare regimes (WRs) can have a decelerating or accelerating effect on the rate of health decline through differing welfare programmes and measures. 4, 5 Disadvantaged socioeconomic circumstances (SECs) in early and adult life are associated with adverse health outcomes, including poor self-rated health (SRH), 6 chronic disease, 7 lower quality of life, 8, 9 lower well-being, 10 greater risk of cardiovascular diseases, 11 physical inactivity, 12 lower muscle strength, 13 higher mortality rates, 14, 15 low respiratory function 16 and disability. 17 However, health in old age is not only affected by an individual's SECs over the life-course but also by factors at the societal level such as the welfare state. 4, 18, 19 Social transfers and welfare services provided by the state are designed to address socioeconomic inequalities that influence health status. 20, 21 Research on WRs and health remains particularly important because inequalities in Europe have persisted or even widened despite the expansion of the welfare state. [22] [23] [24] Some studies have shown that WRs modify the impact of life-course SECs on health. 4, 19, [25] [26] [27] However, as a major gap in the literature, this modification has not been examined over the whole life-course, from early life to old age.
The modifying effects of WRs are thought to occur because social policies alleviate adversities in an individual's life. More generous welfare regimes, providing higher levels of benefits, reduce social stratification and have a positive effect in situations of need by absorbing the impact of material shortfalls in terms of diet, heating and housing quality. 4, 28 Moreover, it has been shown that redistributive policies create a more stable psychosocial environment, even for those not in direct need of benefits. 4 As such, this research indicates that not only adverse socioeconomic circumstances per se but also the anticipation of this adversity can impact health. 4 Social services influence the degree to which people experience insecurity and uncertainty when confronted with adverse circumstances. By extension, the influence of insecurity and uncertainty on SECs and health substantially differs across types of welfare state provision. 4, 25, 29 Life-course models suggest that these influences of social services impact health trajectories in old age through pathways from early through adult life ( Figure 1 ). 7 To reflect similarities in terms of the relative roles of the state, family and market in the providing of welfare, countries were grouped in WRs according to Ferrera's typology augmented by the Eastern European WR. 19, 30, 31 Ferrera's WRs where the objective is equality of minimal needs. 32 This WR is characterized by a strong interventionist state that promotes social equality through a comparatively generous redistributive social-security system and universal coverage. 19, 30 The Bismarckian WR is characterized by a minimal redistributive impact, with an emphasis on the role of the family. The benefits are often related to earnings and administered by the employer, which distinguishes this WR from others by its 'status-differentiating' welfare programmes. 19, 30, 32 The Southern European WR is characterized by a fragmented system of welfare provision with a strong reliance on the family and charitable sector and only limited and partial healthcare coverage. 19, 31 This WR is considered a 'rudimentary' type of welfare state that consists of diverse income-maintenance schemes ranging from basic to generous. 32 The Eastern European WR consists of the formerly Communist countries of East Europe that experienced a shift from the universalism of the Communist welfare state to a welfare state characterized by marketization and decentralization. 32 The Eastern European WR is distinguished from others by limited health service provision and poor overall population health. 25 Recent research on wellbeing suggests that WR explained a higher proportion of between-country differences than any other measure of social protection effort, emphasis or expenditure. 33 In addition, WR has proven to explain between-country variations in quality of work and in the association of work-life balance and health. 34, 35 Furthermore, variations in the SRH outcome have been shown across different WRs. 36 These findings confirm the usefulness of the WR typology when trying to explain differences between countries.
In this study, we used a life-course approach to examine, to our knowledge for the first time, whether the association between life-course SECs (early-life, young adult-life, middle-age and old-age) and the risk of poor SRH trajectories in old age are modified by WR.
Methods

Study design and participants
This study uses data from SHARE, a cross-national and longitudinal survey that gathered data on health and SECs of more than 120 000 individuals aged 50 years and older in 27 European countries. Between 2004 and 2016, SHARE collected 6 waves of data in intervals of 2 years. Retrospective life-course data including early-and adultlife SECs were collected in wave 3. In our study, we included data for participants between 50 and 96 years old who participated in the third wave (including 13 countries in the analyses) and provided at least one SRH measure over the survey. More details on the study are available in its data-resource profile. 37 
Welfare regimes
In our study, we used Ferrera's typology expanded by the Eastern European WR as proposed by Eikemo et al. 19, 30, 31 We classified countries into four WRs: Scandinavian (Denmark, Sweden), Bismarckian (Austria, Belgium, France, Germany, the Netherlands, Switzerland), Southern European (Greece, Italy, Spain), Eastern European (Czech Republic, Poland). 19, 31 WRs were investigated at followup, as a proxy for an individual's life-course regime. To avoid misclassification bias because respondents may have changed WRs during follow-up, we compared WRs at baseline and the last follow-up and found no participant who had changed. In addition, we compared the regime participants lived in at follow-up with the regime they lived in at age 10 (early life). Only 3.7% of the participants had a different WR in these two life stages, so changes across regimes were few in the analysed cohorts. Additional models controlling for early-life WR did not change the results (data not shown).
Measures
Outcome: self-reported health Respondents rated their present general health on a 5-point Likert scale ranging from 1, 'poor', to 5, 'excellent'. 38 We grouped the answer categories 'poor' and 'fair' to indicate poor SRH as compared with 'good', 'very good' and 'excellent', indicating good SRH.
Early-life SECs
Early-life SECs were computed according to Wahrendorf and Blane's measure of childhood circumstances, combining the following four binary indicators of adverse SECs at age 10 into an index: 1) occupational position of the main breadwinner, 2) number of books in the home, 3) a Figure 1 Diagram of the performed analyses. The arrows represent associations tested in this study including the direct effect of early-life (model 1) and adult-life (models 2, 3, and 4) socioeconomic circumstances (SEC) on self-rated health (SRH) trajectories as well as the moderating effect of welfare regime on these associations. The dashed arrow represents the direct effect of early-life SECs on adult-life SECs, which was not tested in this study.
measure of overcrowding and 4) quality of the household. The ten main occupational groups in ISCO were reclassified according to their skill levels. Skill levels one and two were grouped into 'low' and the third and fourth levels grouped into 'high' main occupation. Participants who never had paid work were included in the low occupational position. Third, we used satisfaction with current household income based on the question 'Is the household able to make ends meet?' as an indicator for old-age SECs. Answers ranged from 1 'with great difficulty' to 4 'easily'. We calculated the mode over all waves for each individual to keep as many observations as possible.
Covariates Unhealthy behaviour index. This index combines four binary indicators of detrimental health behaviours. By taking the mean of 1) physical inactivity, 2) unhealthy eating, 3) smoking and 4) alcohol consumption across waves for each participant, we obtained a continuous variable ranging from 0, none of the 4, to 1, all 4 unhealthy behaviours.
39-41
Living without a partner. Independent of individuals' marital status, we measured whether the person was living with a partner during follow-up, coded 0, mostly living alone, and 1, mostly living with a partner.
42,43
Statistical analysis
Data were analysed by using logistic mixed-effects models with a random intercept for participants. Our models revealed significant interactions between adult-life SECs and WRs, confirming the interest to examine the associations between life-course SECs and SRH separately by WR. Model 1 tested the association between early-life SECs and the odds of poor SRH in older age, adjusting for prior confounders. We centred age at the mid-point of the sample (i.e. 73 years). In addition, to test whether earlylife SECs moderated the association of ageing and the odds of poor SRH, an interaction term between early-life SECs and age was included in all models. Adult-life SECs indicators were added sequentially in model 2 (educational attainment), model 3 (main occupation), and model 4 (satisfaction with current household income) for young adult-life, middle age and old age, respectively. When adding the adult-life SECs indicators sequentially, we followed the chronological order of the indicators in the lifecourse. 13, 17, 44 The attenuation effects were calculated by comparing the raw estimates of early-life SECs of the models with mediators (models 2 to 4) with model 1 without mediators. This allowed to calculate a percentage of decrease of the effect of early-life SECs on SRH trajectories in old age when including the different mediators. Model 5 included the unhealthy behaviour index and living without a partner covariates. All models were adjusted for participant attrition [no dropout/dropout (participants who did not respond to waves 5 and 6)/death (participants who died during follow-up)]. Finally, we performed sensitivity analyses excluding participants 1) older than 90 years because the descriptive statistics showed that observations above this age were few, 2) who died during the survey, 3) who dropped out and 4) who lived in a different WR in childhood than at follow-up and one that used a 5-level early-SECs variable for the Eastern European WR.
Results
Participants
The study sample included 24 Effect of early-life SECs on risk of poor self-rated health during ageing (Table 2 , model 1)
For all WRs, early-life SECs were associated with risk of poor SRH at age 73 (centered age). A gradient indicated decreasing risk of poor SRH with increasing early-life SECs categories ( Figure 2 ). The interaction of early-life SECs and age had no effects except for the Bismarckian WR. The adverse effect of ageing was higher with middle, advantaged and most advantaged early-life SECs versus the most disadvantaged.
Effect of adult-life mediators on risk of poor SRH during ageing ( 23 and 23%, for disadvantaged, middle and advantaged, respectively) WRs. For the Bismarckian WR, the adverse effect of ageing was reduced with greater difficulty making ends meet (interaction of age with satisfaction with household income).
The addition of the unhealthy behaviour index and living without a partner (model 5) did not change the association of early-life SECs and risk of poor SRH or any of the other mediators.
Sensitivity analyses
Overall, sensitivity analyses revealed consistent results with those of the main analyses, with gradually attenuated associations between early-life SECs and risk of poor SRH in old age with the addition of adult-life SECs across WRs. In contrast, the interactions between age and early-life SECs as well as age and adult-life SECs seemed not to be robust in the different analyses. Thus, the associations of early-and adult-life SECs with the evolution of poor SRH with ageing seemed less robust than their associations with level of poor SRH.
Discussion
One of the main novel results of this cross-national and multi-measurement longitudinal study was the persisting association of early-life SECs with risk of poor SRH in older age across all WRs. This pattern has important implications, suggesting that the welfare context did not differentially modify the association between early-life SECs and SRH at old age. The association showed a social gradient in risk of poor SRH in old age, from the lowest risk for the most advantaged individuals to the highest risk for the most disadvantaged in terms of early-life SECs. These associations remained significant after full adjustment for adult-life mediators.
In contrast to early-life SECs, adult-life SECs were associated differently with risk of poor SRH across WRs and had varying attenuation effects on the relation between early-life SECs and SRH, which agrees with the original analysis before stratification including interaction terms of life-course SECs with WRs. Satisfaction with household income had the most important attenuation effect while also International Journal of Epidemiology, 2019, Vol. 0, No. 0 10, 18, 23, 54, 55 Furthermore, previous studies found that the financial situation in adult life is a strong predictor of health inequalities in old age, which agrees with our study. 10, 18, 54 However, previous studies did not use a lifecourse approach for measuring SECs, which allowed for the analysis of the mediating role of adult-life SECs on the association of early-life SECs and poor SRH trajectories. Rather, they used a measure for life-course SECs that mixed early-and adult-life SECs. Our study allowed for disentangling the effects of these different periods, showing the differential modifying influence of WRs on early-and adult-life SECs. The strengths of this study include the large sample size, a follow-up of 12 years with repeated measurements every 2 years, and combined and comprehensive earlyand adult-life SECs measures that allow for an analysis of varying life-course influences on SRH in old age across different WRs. Furthermore, this study considered a structural determinant of health by including WR rather than focusing only on the role of individual factors such as education, occupation and income. However, one limitation is the self-reported and retrospective data used for early-life SECs and main occupation, which may be influenced by recall bias or social desirability. However, previous studies have shown adequate validity for recall measures of SECs. 56, 57 Also, attrition in this longitudinal study may imply a selection bias in the remaining sample. We accounted for this potential limitation by adjusting our models for attrition and conducting sensitivity analyses excluding participants who died and dropped out during follow-up. Further, we merge respondents in the 'most advantaged' early-life SECs with the previous category 'advantaged' in Eastern WR, because of the lack of observations in the former category that caused inconsistent results due to a strong selection effect. However, because we were interested in the gradient between the lowest and highest early-life SECs as opposed to single categories, this merging did not change how we approached our research questions. Finally, we accounted only for the WR in which respondents lived at the time of follow-up and we did not include the country they lived in during early and adult life. However, a sensitivity analysis considering WR at age 10 revealed similar results (not shown).
In conclusion, this study shows long-lasting consequences of early-life SECs for adult health and reveals that socioeconomic policies of emerging WRs in the 20th century have not fully compensated for an unfavourable start in life. The associations between early-life SECs and SRH in old age remained even after adjusting for adult-life SECs. However, the varying degree by which the different mediators attenuated the associations between early-life SECs and SRH in old age across WRs indicates differing modification effects in adult life. Education (early adult-life) attenuated the association only in the Scandinavian and Southern European WRs, but satisfaction with household income (in old age) seemed to play an important role across all WRs, specifically for the Eastern European WR, where it remained the only significant mediator. The occupational position in middle age seemed to play a role only in Scandinavian and Bismarckian WRs. These findings strengthen previous evidence showing that early life has long-lasting consequences for an individual's health development during the rest of the life course. This finding supports public policy interventions in childhood to promote better health in later life regardless of the different WRs examined. Furthermore, the differing adult-life attenuation of the association between early life and health in old age across WRs underpins the importance of context-specific public policies. As main occupation attenuated the association between early-life SECs and SRH in old age only in Scandinavian and Bismarckian WRs, occupation-related social-insurance schemes and other strategies may be important to overcome the impact of job insecurity and loss on health. Indeed, compared with the Southern and Eastern European WRs, the Scandinavian and Bismarckian WRs have stronger policies linked to decommodification, with the Scandinavian having the strongest. 28 Further research is needed to identify robust policy conclusions from these findings. 
